Two problems will be considered: the question of hidden parameters and the problem of Kolmogorovity of quantum probabilities. Both of them will be analyzed from the point of view of two distinct understandings of quantum mechanical probabilities. Our analysis will be focused, as a particular example, on the Aspect-type EPR experiment. It will be shown that the quantum mechanical probabilities appearing in this experiment can be consistently understood as conditional probabilities without any paradoxical consequences. Therefore, nothing implies in the Aspect experiment that quantum theory is incompatible with a deterministic universe.
Introduction
In this paper I propose to analyze the theoretical consequences of two distinct understandings of quantum mechanical probabilities. Assume that someone perform a measurement a on an entity of state W. Denote A one of the possible outcomes of the measurement a. In other words, the preparation part of the measurement, event a, has happened, within circumstances identified as W, and one of the outcome events occurs, denoted by A. Repeating many times this measurement we can count the probability (relative frequency) of occurrence of A. Assume that quantum mechanics describes the above situation. One can somehow figure out a Hermitian operator a corresponding to a, a density operator W corresponding to the state W, and the outcome A can be identified with a suitable projector A from the spectral decomposition of a . The relative frequency of the outcome A is equal to ( ) tr WA . Now, the question is this: How can we interpret the probability ( ) 
, that is the probability that the entity has the property Ã , which property consists in that "the outcome A occurs whenever measurement a is performed".
, that is the conditional probability of the occurrence of the outcome A, given that the measurement a is performed.
At first sight one may think that there is no principal difference between the two above interpretations. For example it is obviously true that a) entails b). Indeed, assume that there is a property Ã which already guarantees the occurrence of the outcome A. Then, whenever we perform the measurement preparation a, the occurrence of the outcome A depends on whether the entity has the property Ã or not. Therefore
But the converse is not true: b) does not entail a), simply because interpretation b) does not assume at all the existence of a property which would guarantee the outcome A. And this makes a big difference. As we will see in the following sections, these two distinct interpretations of the quantum mechanical probabilities lead to extremely different conclusions. We will consider two problems: the question of hidden parameters and the problem of Kolmogorovity of quantum probabilities. Both of them will be analyzed from the point of view of the Property Interpretation and the Minimal Interpretation. Our analysis will be focused on the Aspect-type EPR experiment, as a particular example.
The EPR experiment
An important historical step was Bell's analysis of the EPR experiment. The great advantage of Bell's approach to the problem of hidden variables was that even though he used part of the machinery of quantum mechanics, one does not need to use it, but only elementary probability calculus and the experimental results. And that is why his proof of the non-existence of (local) hidden variables has been regarded as the most serious.
Consider an experiment corresponding to the Clauser and Horne derivation of a Bell-type inequality. It is like Aspect's experiment with spin-1/2 particles ( Figure 1 ). The four directions in which the spin components are measured are coplanar with angles ( ) ( ) ( )
o and ( )
note N the number of particle pairs emitted by the source. Let ( ) N A be the detected number of the outcomes "spin up at the left wing in a direction". We will consider the relative frequency ( ) ( )
Denote ( ) ( ) ( ) 
The quantum mechanical description of the experiment is as follows: Let H 2 be a two-dimensional Hilbert space of a spin-1/2 particle spin-states. Denote ψ +a and ψ −a the normalized eigenstates corresponding to "spin up" and "spin down" in the a direction respectively. Given two particles the space of their spin-states is H H 2 2 ⊗ . The state of the two-particle system is assumed to be the 0-spin state, represented as Now we analyze the above experiment from the point of view of the two distinct interpretations of quantum probabilities.
The Property Interpretation

The hidden parameter problem
According to the Property Interpretation, the occurrence of an outcome A, for example, reflects the existence of a property Ã . Therefore, for the probability that the corresponding property exists we have ( ) 
As it turns out from (1) we encounter a correlation among the outcomes of spatially separated measurements. If local hidden variable theories could exist, one would be able to try to explain this correlation via a common cause mechanism. Briefly recall the usual assumptions describing the notion of a local hidden variable. Assume that there is a parameter λ taken as an element of a probability space
that the quantum mechanical probabilities can be represented as follows: Applying this inequality, we have
This is one of the well-known Clauser-Horne inequalities (one can get all the others by varying the roles of ~,~~,Ã A B B ′ ′ and ). Returning to the Aspect experiment, from (3) we have
These probabilities violate the Clauser-Horne inequality. Thus, according to the usual conclusion, there is no local hidden variable theory reproducing the quantum mechanical probabilities. In other words, no common cause explanation is possible for the correlations between space-like separated measurement outcomes in the EPR experiment. That is, quantum mechanics seems to violate Einstein causality.
The question of Kolmogorovity
Recall Pitowsky's important theorem about the conditions under which a probability theory is Kolmogorovian. Let S be a set of pairs of integers
. Denote by ( ) R n S , the linear space of real vectors having a form like ( )
The classical correlation polytope ( )
C n S
, is the closed convex hull in ( ) we know their probabilities, from which we can form a so called correlation vector 
From the definition of the polytope, equations (7) and (8), it is obvious that the condition ( ) p ∈ C n S , has the following meaning: the probabilities can be represented as weighted averages of the classical truth values defined on the corresponding propositional logic.
In case n = 4 and
1 3 1 4 2 3 2 4 , , , , , , , , the condition ( ) p ∈ C n S , is equivalent with the following inequalities: 
The last inequality of (10) is nothing else but inequality (5) 
The Minimal Interpretation
As we can see, the Property Interpretation leads to at least three paradoxical difficulties, which seem to be unresolved: 1) There is no local hidden parameter theory possible which could provide a common cause explanation for the EPR correlations, therefore 2) quantum mechanics violates the Einstein causality.
3) Quantum mechanics violates the axioms of a Kolmogorovian probability theory, and this violation makes it very difficult to provide a consistent interpretation for the quantum mechanical probabilities. These difficulties lead to conclusion that quantum mechanics is not compatible with a deterministic universe (see Szabó 1994) . These are extremely grave, but widely accepted, conclusions. However, as we are going to show in this section, none of the above paradoxical difficulties appear if we accept the Minimal Interpretation of quantum probabilities.
The question of Kolmogorovity
Now the quantum mechanical probabilities mean conditional probabilities only: The probabilities of these 8+28 events are empirically given by (1), and these probabilities are in harmony with quantum mechanics in the sense of (13). Now, the question is whether a Kolmogorovian probability space ( ) Ω Σ , ,µ and measurable subsets
in order to reproduce the empirical observations (1), and
in order to reproduce the quantum mechanical probabilities, consistently, as conditional probabilities * † . We are going to prove now that such a Kolmogorovian representation does exist. It follows from the Pitowsky theorem that there exists a Kolmogorov probability space satisfying (14) the correlation vector p consists of probabilities described in (1). If we assume that this condition is satisfied and a suitable probability space exists, then, as a consequence of the properties described in (1), (15) is also satisfied. Indeed, as a consequence of ( ) ( ) 
The same holds for A and ′ B , ′ A and B as well as for ′ A and ′ B . Equation (15) therefore obeys. Now, the question is whether the probability vector 
or not. In case n > 4 there are no derived inequalities which would be equivalent to the condition ( ) p ∈ C n S , (see Pitowsky 1989 for the details). We thus have to directly examine the geometric condition (17). I testified condition (17) 
The hidden parameter problem
According to the Minimal Interpretation there are no "properties" corresponding to the outcomes of the measurements we can perform on the system (at least quantum mechanics has nothing to do with such properties). We do not need, therefore, to explain the correlation between spatially separated occurrences of such (non-existing) properties. But, there do exist (observable physical) events corresponding to the performance-preparations of various measurements and other events which correspond to the outcomes.
Each such event occurs with certain probability shown in (1). What we observe in the EPR experiment is a correlation between spatially separated outcomes. And the question is whether a local hidden variable ex- planation for such a correlation is possible or not. Thus, the whole formulation of the common cause problem has to be reconsidered. A local hidden variable theory (regarded as a mathematically well formulated representation of a deterministic and non-violating Einstein causality universe) has to reproduce the probability of each event, i.e., the probabilities of the outcomes and that of the performance-preparation. The assumed "parameter" λ ∈ Λ should represent the state of the part of the universe which belongs to the common past of the two separated measurements (Figure 2 ) such that not only for the outcomes but also for the performancepreparations we have
The same holds for the conjunctions
We also assume that the underlying hidden variable theory is Einstein-local. This means that if there is a correlation between any two spatially separated events, it should be the consequence of the λ -dependence of the corresponding probabilities, but not the consequence of a direct physical interaction. This assumption is, as usual, formulated via the following relations:
Relations (19a) express the λ -level independence of the outcomes (in other words, the screening off the outcomes by the hidden parameter), relations (19b) express the λ -level independence of the choices which measurement will be performed. Finally, equations (19c) represent the λ -level independence of the outcomes from the spatially separated choices (parameter independence). Now, the question is whether there exists such a parameter satisfying conditions (18) 
such that * We cannot use the formal reproduction of the Clauser-Horne derivation described in section 3.1 because the number of events and the number of investigated conjunctions are larger then four.
(See Szabó 1993 for the proof.) Equations (18) correspond to (20) and (19) to (21) , , , , , , , , , , , , , , , , , , , , , , , , , , , , (1) we gathered all the information known about the observed probabilities in the Aspect-type spincorrelation experiment. We can collect these data in a correlation vector. The question is whether this correlation vector is contained in the classical correlation polytope or not: 
Since n > 4 again, we have to examine the geometric condition (22) 
Discussion
Is our world deterministic or indeterministic? Isn't everything already written in a Big (4-dimensional) Book? Are the observed probabilities ontological or epistemic? These intriguing questions of philosophy are related to the basic features of quantum mechanical probabilities. The debates about determinism/indeterminism are centered around the problem of whether there exist ontological modalities or not. Ontological modality means that "at a given moment in the history of the world there are a variety of ways in which affairs might carry on." (Belnap & Green, forthcoming) The other possibility is that any stochasticity is merely epistemic, related to the lack of knowledge of the states of affairs. Many believe that physics can provide some hints for solving the related philosophical problems. However, classical (statistical) physics leaves these philosophical problems unsolved, since the stochastic models of classical statistical physics are compatible with both the assumption of an underlying ontologically deterministic as well as indeterministic theory. Though, according to the common opinion quantum mechanics is not compatible with a deterministic universe. This opinion is mainly based on two convictions:
1. There can exist no hidden parameter theories reproducing all the empirically testable part of quantum mechanics. At least, such a hidden variable theory should violate Einstein-causality. 2. Quantum mechanics is not a Kolmogorovian probability theory.
The latter is related to the problem of determinism in the following way. The probabilities of future events in a deterministic world should be interpreted as weighted averages of the possible (classical) truth value assignments, since only in this case we can interpret probabilities epistemically, relating them to our lack of knowledge. In other words, only in this case one can assume that the state of affairs is settled in advance, but we do not have enough information about this settlement. But we also know that this is true only if the corresponding probabilities admit a Kolmogorovian representation (Pitowsky 1989) . In this paper, I have challenged the above far reaching conclusions by showing that these are all rooted in a particular interpretation of quantum probabilities, namely in the Property Interpretation. Moreover, the Property Interpretation is contradictory in itself. According to it we assume the existence of properties which surely predetermines the outcomes of the possible measurements. These properties appear before the measurements are performed. (Otherwise we play another ball-game, namely, the Minimal Interpretation.) Therefore we have to assume that the distribution of these properties in a statistical ensemble is fixed before the measurements. On the basis of the Property Interpretation we derive then various "No Go" theorems like the Bell theorem, the Kochen-Specker theorem (Pitowsky 1989) or the GHSZMermin theorem (Mermin 1990) , which assert that such properties cannot exist. From this contradiction it does not at all follow either that quantum mechanics is a non-Kolmogorovian probability theory or that there are no hidden parameter theories without violation of Einstein-causality. But it does follow that the Property Interpretation is an untenable interpretation of quantum probabilities. In opposition to the Property Interpretation, we have seen, at least in case of the crucial Aspect experiment, that the quantum mechanical probabilities can be consistently understood as conditional probabilities without any paradoxical consequences. The Minimal Interpretation provides that the quantum mechanical model of the Aspect experiment remains within the framework of the Kolmogorov probability theory, and nothing excludes the existence of local hidden parameters. Therefore, this experiment does not imply that quantum theory is incompatible with a deterministic universe. One may argue that we had to pay dearly for that. We had to give up the existence of properties predetermining the outcomes, and we had to include the performance-preparations of measurements as events in the probability-theoretic description of quantum systems. However, this price was only a fictitious one. The existence of properties is excluded by quantum mechanics itself. The Minimal Interpretation only says that we mustn't do calculation as if they were existing. The other problem is a little more serious. Still, if we take the question "Is quantum mechanics compatible with a deterministic universe?" seriously, we cannot ignore that a "deterministic universe" includes not only the causal determination of the measurement outcomes, but it also includes causally deterministic "decision" processes of whether this or that measurement is being performed. No matter whether these decisions are made by machines like the switches in the Aspect experiment or by human beings (the problem of the free will, however, is beyond the scope of this paper), such processes must be deterministic in a deterministic world (Cf. Brans 1988) . The unpredictability of such decisions, in the same way as that of the measurement outcomes, appears epistemically, in connection of the lack of knowledge. Finally, I would like to emphasize that all of my analysis in this paper referred only to a particular situation of the Aspect experiment. I did challenge, however, the following two widely accepted views: The Aspect experiment provides empirical data (with full agreement to the results of the quantum mechanical calculations), such that 1) there cannot exist a Kolmogorovian probability model, in which these data could be represented, and 2) there cannot exist a local hidden variable model capable of reproducing these empirical data. It has been shown that there is a possible understanding of these data (the "minimal interpretation"), which provides 1) a consistent representation of the measured relative frequencies by a Kolmogorovian probability model, and 2) a local hidden parameter model reproducing the empirical frequencies. Taking into account, however, that the analyzed Aspect experiment is usually regarded as a crucial particular example, these results can provide a good basis for further analysis.
